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Length 
Time__ 
Force. _ 
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Symbol 
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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 



P 

V 



Metric 



Unit 



meter 

second 

weight of 1 kilogram. 



horsepower (metric), 
f kilometers per hour 
\meters per second _ _ 



Abbrevia- 
tion 



m 
s 

kg 



k.p.h. 
m.p.s. 



English 



Unit 



foot (or mile) 

second (or hour) 

weight of 1 pound 

horsepower 

miles per hour 

feet per second 



Abbrevia- 
tion 



ft. (or mi.) 
sec. (or hr.) 
lb. 



hp. 

m.p.h. 

f.p.s. 



2. GENERAL SYMBOLS 



W, Weight=mg 

g f Standard acceleration of gravity = 9. 80665 
m/s 2 or 32.1740 ft./sec. 2 
W 

m. Mass= — 

/, Moment of inertia=mA: 2 . (Indicate axis of 

radius of gyration k by proper subscript.) 
fi, Coefficient of viscosity 



v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg-m" 4 -s 2 at 
^ 15° C. and 760 mm; or 0.002378 lb.-ft.~ 4 sec. 2 
Specific weight of "standard" air, 1.2255 kg/m 3 or 
0.07651 lb./cu. ft. 



3. AERODYNAMIC SYMBOLS 



s, 

S w , 

o, 

b, 
c, 


Area 

Area of wing 
Gap 
Span 
Chord 




b 2 

S' 


Aspect ratio 




v, 


True air speed 




ff. 


Dynamic pressure =^pV 2 




L, 


Lift, absolute coefficient C L =^ 




D, 


Drag, absolute coefficient Cd— ~§ 




Do, 


Profile drag, absolute coefficient C Do = 


Do 
qS 


D { , 


Induced drag, absolute coefficient C Di 


D t 

~qS 




Parasite drag, absolute coefficient C D 


_D V 
qS 


c, 


O 

Cross-wind force, absolute coefficient C c =—o 


R, 


Resultant force 





iu,, Angle of setting of wings (relative to thrust 
line) 

i ty Angle of stabilizer setting (relative to thrust 
line) 

Qj Resultant moment 

ft, Resultant angular velocity 

p —> Reynolds Number, where I is a linear dimension 
(e.g.. for a model airfoil 3 in. chord, 100 
m.p.ci. normal pressure at 15° C, the cor- 
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s., the corresponding 
number is 274,000) 

C p , Center-of-pressure coefficient (ratio of distance 
of cp. from leading edge to chord length) 

a, Angle of attack 

e, Angle of downwash 

a 0y Angle of attack, infinite aspect ratio 

a u Angle of attack, induced 

a a , Angle of attack, absolute (measured from zero- 
lift position) 
7, Flight-path angle 
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SUMMARY 

Wind-tunnel tests are reported of five 3-blade 10-foot 
propellers operating in front of a radial and a liquid- 
cooled engine nacelle. The range of blade angles investi- 
gated extended from 15° to 45°. Two spinners were tested 
in conjunction with the liquid-cooled engine nacelle. 
Comparisons are made between propellers having different 
blade-shank shapes, blades of different thickness, and 
different airfoil sections. 

The results show that propellers operating in front of 
the liquid-cooled engine nacelle had higher take-off effi- 
ciencies than when operating in front of the radial engine 
nacelle; the peak efficiency was higher only when spinners 
were employed. One spinner increased the propulsive 
efficiency of the liquid-cooled unit 6 percent for the highest 
blade-angle setting investigated and less for lower blade 
angles. The propeller Iiaving airfoil sections extending 
into the hub was superior to one Iiaving round blade 
shanks. The thick propeller having a Clark Y section had 
a higher take-off efficiency than the thinner one, but its 
maximum efficiency was possibly lower. Of the three 
blade sections tested, Clark Y, R. A. F. 6, and N.A.C.A. 
24.00-34, the Clark Y was superior for the high-speed 
condition, but the R. A. F. 6 excelled for the take-off 
condition. 

INTRODUCTION 

A series of tests of full-scale propellers was made in 
the propeller-research tunnel during the first part of 
1937. Published reports of the series cover separate 
subjects as: compressibility effects (reference 1), solidity 
(reference 2), negative thrust and torque (reference 3), 
and blade section (reference 4). The results of tests of 
five propellers are published in the present report, the 
purpose of which is twofold: first, to present design 
data from tests of four 3-blade propellers made in the 
presence of two popular body types; and, second, from 
the test data for all five propellers, to make incidental 
comparisons regarding the effect of: body shape and 
size, spinners, blade-shank shape, blade thickness, and 
blade section. The concrete data should be of value in 
design work because two of the propellers are in fairly 
wide use and the body types are representative of those 
in common use. The comparisons may be of value in 
the determination of some of the elements of the basic 
design of airplanes and propellers. 



APPARATUS AND METHODS 

The propeller-research tunnel has been modified since 
the description of reference 5 was written to the extent 
of installing an electric motor to drive the tunnel pro- 
peller and of replacing the balance with a more modern 
one capable of simultaneously recording all the forces. 

A 600-horsepower Curtiss Conqueror engine (GIV- 
1570) was used to drive the test propellers. The engine 



k ; 116" 

< — 33'/ 2 " — > 




Radial engine nacelle 




Liquid-cooled engine nacelle 
Figure I. — Drawings of engine nacelles. 

was mounted in a cradle dynamometer free to rotate 
about an axis parallel to the propeller axis and located 
at one side of the engine. The torque reaction was 
transmitted from the other side of the engine to record- 
ing scales located on the floor of the test chamber. 
The propeller speed was measured by a calibrated 
electric tachometer. 

A scale drawing of each nacelle is given in figure 1. 

1 
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A perforated plate was used to simulate in air resistance 
a radial engine in those tests in which the radial engine 
cowling was used. (See fig. 2.) The cowling was 



of differenl rates of air (low through the plate indicated 
tha t the effect \\ as negligible. 
The liquid-cooled engine nacelle was tested with three 




PlOl re 2. The radial engine nacelle. 



selected because its drag was not sensitive to the pro- 
peller slipstream and, consequently, the propulsive 
efficiency was not abnormally affected. Air was al- 



Figure 3.— The liquid-cooled engine nacelle with round nose. 

nose conditions: a round nose, which was the standard 
condition for nearly all the tests, and with two spinners 
of differenl size. The nacelle with the round nose is 




Figure 4. — The liquid-cooled engine nacelle with spinner I. 

lowed to flow through the plate 4 at a rate corresponding 
to that for a normally baffled engine. Separate tests 
to determine the effect on the propeller characteristics 



FlQtJRE 5.- The lUiu'ul-cooled engine nacelle with spinner 1 and blade-shank cut)'* 

shown in figure 3 and with -pinner 1 in figure 1. An 
effort was made to reduce the drag of the round blade 
shanks that extended out from spinner 1 by stream- 
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lining them will) thin sheet-metal cuffs. These ctfffs, 
show n in figure 5, extended along the blade shanks for 

a distance of about 1 inches beyond the spinner and 
were secured to the spinner. The blades were thus 
enclosed for a distance of about 24 percent of tin 4 radius. 

Five -S-blade propellers (liir. (>), all having diameters 
of 10 feet, were tested. Blade-form curves are given in 
figures 7 and s. The propeller dimension- arc given by 
(he following notation: />. diameter; //. radius bo Hie 
tip; /•, station radius; h, section thickness; b, station 
chord: />. geometric pitch. Figure 9 shows the section 



0& 



outline and gives the ordinates for the three blade sec- 
tions incorporated in the different propellers. It may 
be noted that (he \\ A. C. A. 2400 34 airfoil section is 
modified I'm* propeller design by changing the thickness 
with respect to the mean camber line. The camber 
therefore remains constant For the w hole blade, \v borons 
the camber increases with blade section thickness for 
propellers Laving the Claris V and K. A. F. 6 sections. 



The principal propeller dimensions arc given in the 
following table: 



Propeller drawing Dumber 


Diam- 
eter 
(feet) 


Section 


b/D at 
0.75/? 


hjb at 
0.7">/' 


Shank 
shape 


Bureau Aeronautics 


10 


Olark Y 


0. 061 


0. 09 


Hound. 


.5868-9. 












Hamilton Standard 10 1-0 


10 


do 


.059 


.07 


Airfoil. 


Hamilton Standard filOl 


10 


do 


. 059 


.07 


Round. 


1 Hamilton Standard 0129 


to 


R. A. F.6... 


.059 


.07 


Do. 


1 Hamilton Standard 6131 


10 


N. A. C. A. 


.059 


.07 


Do. 






2400-34. 









> Controllable. 



It may be noted From the table thai the essentia] 
difference between propellers 5868-9 and 6101 is the 
blade thickness although propeller 6101 has a slightly 
larger shank diameter and a different hub. w hich should 
not appreciably affect the results. These two propellers 
probably represent the upper and lower limits in 
thickness ratios for present-day aluminum-alloy pro- 
pellers. 




1 
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Propeller lCl-0 was included in the series because it 
differed from 6101 only in the shank shape and, inci- 
dentally, in the hub design. 

Propellers 6101, 6129, and 6131 constitute a series 
differing only in blade section. These propellers were 
whirl-tested (reference 6) and flight-tested at Wright 
Field previous to the present investigation. 

The method of testing in the propeller-research tun- 
nel consists in maintaining the propeller speed constant 
and increasing the tunnel speed in steps up to the 
maximum value of 115 miles per hour. Higher values 




Figure 7— Blade-fnrni curves for propeller . r iS68-». 

of V/nD are obtained by reducing the engine speed 
until zero thrust is reached. 

The tests reported in reference 1 showed that losses 
in efficiency occurred at tip speeds above 600 to 800 feet 
per second, depending principally on the blade angle and 
the V/nD range. At slightly lower tip speeds the values 
of the thrust and the power coefficients, but not the 
efficiencies, were affected by compressibility. The pres- 
ent tests were therefore run at tip speeds of 525 feet 
per second and less to avoid complications arising from 
compressibility. The standard initial testing propeller 
speed of 1,000 r. p. m. could not be maintained for the 
higher blade-angle settings owing to the limitation of 



engine power; the following schedule was therefor^ 
adhered to: 

Propeller speeds for tunnel speeds below 115 miles per hour 

Initial pro- 
peller speed, 

Blade angle, degrees: r. p. m. 

15 1,000 

20 1,000 

25 800 

30 800 



35_ 
Id 

45. 



80 > 
700 
700 




Figure 8.— Blade-form curves for propellers 6101, 6129, 6131, and 1C1-0. 

The approximate test propeller speed may be conti- 

puted from the relation r. p. m.= y,jj f for VJnl) 

values higher than can be obtained from the foregoing 
schedule, where K= 1,000 for V=ll5 miles per hour 
and D 10 feet. The tests reported in reference 1 were 
confined to tip speeds above about 600 feet per second, 
so the use of the data in this reference for correcting 
coefficients for normal-flight operating speeds would 
necessitate neglecting any effects occurring at lower 
speeds. Unreported data obtained during these tesps 
indicate that this procedure would entail little, if any, 
error. 



I l\ E FULL-SCALE PROPELLERS I X THE PRESENCE OF A RADIAL AND A LIQUID-COOLED NACELLE 
RESULTS AND DISCUSSION 



The results are reduced bo (lie usual coefficients of 
thrust, power, and efficiency defined as: 

effective thrust _ T— AD 
= pn 2 D*~ 



(Jt — 



P n 2 D* 
engine power 



and 



Or V 



v ~C P nD 



where />, the mass density of air. 
n, propeller speed. 
/>, propeller diameter. 
A/>, increased drag of body due io propeller 
slipstream. 

In addition bo plots of these coefficients against V/nD } 
charts for the selection of propellers are given. These 
charts are based on the speed-power coefficient C s 
defined as: 

/V 



= 7< 



The best results liave been babulated in ten tables 
and are available on request from bhe National Advisory 
Committee for Aeronautics. The experimental results 
are presented in chart form in figures 10 to 46. For 
case of reference, the figure numbers nre listed in the 
following table: 

BASIC DATA 



Body 


Propeller 


Figures 




f 5868-9 


10-13 




1 6101 


14-17 




6129 


18-21 




6131 


22-25 




5868-9 


26-29 




6101 


30-33 


6129 


34-37 




| 6131 


38-41 



SPINNER RESULTS AND COMPARISONS 



Subject 



Spinners 

Blade shank 

Blade thickness ... 

Hlnde section 

Body 



Propeller 



5868-9 

(ilOl and 1C1-0 

5868-9 and 6101 

6101, (5129. and (>13L 
All propellers 



Figure 



bask; propeller data 

The chief purpose of (his report is to supply propeller 
data for design purposes. Complete sets of curves of 
the basic coefficients for each of the propeller-body 
combinations are given for four propellers, two of 
which (propellers 5868-9 and 6101) arc in common use. 




O C5 



.2 



.3 



.5 

Clark Y 



1.0 



Station 


Upper ordinate 


Lower ordinate 


Maximum ordinate 


Maximum ordinate 


0. 025 


0. 55 


0. 13 


.05 


.67 


.08 


.1 


.81 


.04 


.2 


.96 


.01 


.3 


1.00 


0 


.4 


.99 


0 


.5 


.93 


0 


.6 


.83 


0 




.69 


0 


'.8 


.52 


0 


.9 


.34 


0 



L. I-;. radius 
T. E. radius.. 



0.15 
.077 



Clark Y 



.2 



A .5 .6 
R.A.F. 6 




Station 


Ordinate 


Maximum ordinate 


0. 025 


0. 1 1 


.05 


.59 


.1 


.79 


.2 


.95 


.3 


1.00 


.4 


.99 




.95 


!e 


.87 


.7 


.74 


.8 


.56 


.9 


.35 


L. B. radius 0. 10 


T. E. radius 077 



R. A. F. 6 



L€. Rod. 



T.E.Rad 




Station 


a/6 




0. 025 


0. 00225 


0.2160 


.05 


. 00438 


.2938 


.1 


. 0085 


.3845 


2 


.0148 


. 4725 


.3 


.01S5 


.5000 


.4 


.0201 


.4898 


. 5 


. 0198 


.4538 


.6 


. 0185 


. 1012 




.0161 


.3363 


'.$ 


.0126 


. 2550 


.9 


. 0085 


. 1638 


L. B. radius. 


0. L56 




.078 



b, chord: /, thickness 
N. A. C. A. 2400-34 

FIGURE 9.— Basic propeller sections. 
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.34 




FIGURE L0— Power-coefficient curves for propeller 58G8-9, 3 blades, radial engine nacelle. 



f.O 




O .2 A .6 .8 f.O t.2 /.4 /.6 /.8 2.0 2.2 2.4 2.G 28 

V/nD 

Fnii HK II.- Kflicieney curves for propeller . r >N«»K '.). \\ Mades. radial engine nacelle. 
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x l 2Q°\ Wr '9 hf Field wh/'r/ rig 




Figure 14.— Power-coefficient curves for propeller 6101, 3 blades, radial engine nacelle. 




.6 .6 

Figure 15 —Efficiency curves for propeller G101, 3 blades, radial engine nacelle. 
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J8\ 1 1 1 1 1 1 i 1 1— - r r — | 1 1 1 1 1 r 




0 .5 1.0 1.5 ?.0 2.5 3.0 3.5 

Kkivuk 17.— Design chart for propeller 6101, 3 blades, radial engine nacelle. 
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O .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 

V/nD 

Figure 19— Efficiency curves for propeller 0129, 3 blades, radial engine nacelle. 
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.36 




3.4 



Figure 22.— Power-coefficient curves for propeller 6131, 3 blades, radial engine micelle. 




Figure 23.— Efficiency curves for propeller 6131, 3 blades, radial engine nacelle. 
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Figure 30— Power-coefficient curves for propeller 6101, 3 blades, liquid-cooled engine nacelle. 




1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 
V/nD 

Figure 31.— Efficiency curves for propeller 6101, 3 blades, liquid-cooled engine nacelle. 
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• 28 1 I 1 1 1 1 1 — I 1 1 — I — I 1 1 1 1 1 1 1 1 1 — i 1 i 1 — i — r~ I 1 r-T 



.26 



.24 




0 .2 .4 .6 .8 /.0 1.2 /.4 /.6 /.8 2.0 2.2 £.4 2.6 2.6 3.0 3.2 3.4 

V/nD 

Figure 34.— Power-coefllcicut curves for propeller G129, 3 blades, liquid-cooled engine nacelle. 
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0 .5 1.0 1.5 2.0 2.5 3.0 3.5 

Figure 37.— Design chart for propeller G120, 3 blades, liquid-cooled engine nacelle, 
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•0 .2 .4 .6 .6 /.0 1.2 /.4 /.6 /.8 2.0 2.2 24 2.6 2.8 3.0 32 3.4 

V/nB 

FlGUBE 38 — Power-coeUicient curves for propeller 6131, 3 blades, liquid-cooled engine nacelle. 






.0 .5 1.0 I.S 2.0 8.5 3.0 3.5 

Figure 41.— Design chart for propeller 0131, 3 blades, liquid-cooled engine nacelle* 
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.24- 
.22- 
.20- 
.18- 
.16- 



TH — I — I I I 

No spinner . 



Spinner assumed to be 

a part of the nocelle — 
Spinner assumed to be 
a part of ihe propeller 




.8 1.0 1.2 1.4 1.6 1.6 

nD 
(a) Spinner 1. 



1.0 

.8 

.6 
V 
.4 

.2 

0 




nD 
(b) Spinner 2. 



Figuhe 42.— KlYect of spinner on propeller charact eristics. Propeller 5868-9, 3 blades, liquid-cooled engine nacelle. 

.24 



I I I I M I I I | |" 

-Propeller lCl-0 (Airfoil shank) 
I » , 6101 {Round - ) 




Propeller ICI-O (Airfoil shank ) ~ 
6101 (Round - ) 



.4 .6 .8 1.0 1.2 1.4 1.6 1.6 
nD 

(a) Radial engine nacelle. 




5 .8 J.O 1.2 J. 4 1.6 1.8 
nD 

(b) Liquid-cooled engine nacelle. 



Figure 43.— Comparison of t wo propellers baying different, blade-shank shapes. 
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Use of data. The computation of thrust ;it all air 
speeds is facilitated through tin* use of linos of constant 
Or superposed on the power curves. Thrust coefficients 
are also given in the usual type of plot. The use of 
the combined C r and G T curves is illustrated in (Ik 4 
following outline: 

Computation of thrust for a constant-speed con- 
t rollable propeller: 

1. Compute C s from design conditions. 

2. Determine \' i,D from C s chart. 
'A. ( Compute diameter from \ r /nD. 

1 . Solve for ( ( ',> power p/> : 7/\ 

5. Determine C r for several values of V riD from the 
combined Ct and Cp curves. Follow tin* line of con- 
stant C P . 

6. Solve for thrust, T- C rP irI)\ 

7. Solve for velocity from assumed V/nD. 
Computation of thrust for a fixed-pitch propeller: 

1. Compute C s from design conditions. 

2. Determine (V/nD) ma x and blade angle from C s 
chart. 

3. Solve for diameter from (V uD) max . 
I. Solve for C P for high speed (Op m ). 

5. Determine Cp and < V for several values of \'/nI) 
from the combined ( V and Cp curves. Follow the line 
for constant blade angle. 

6. Solve for N/N mttX from relationship N/N max = 
-JCp max /Cp. (This relationship is based on theassump- 
tion that the torque is constant for small changes in 
engine speed for a constant throttle sotting.) 

7. Solve for V V max from the relationship V/V max 
(V/nD) N 

(VinD) max M maz 

8. Compute thrust from T=C T (M 2 D i 

where K pn^axD 4 

a . propeller speed, r. p. s. 
N, propeller speed, r. p. m. 

Static thrust and power. The static thrust and 
static power coefficients, obtained from the Wright 
Field tests of propellers 6101, 6129, and 6131 (reference 
6) are shown (figs. L4, L6, 18, 20, 22, and 24) for the 
purpose of comparison. It may be noted that the 
Wright Field data check the present data closely for 
certain conditions and poorly for others. Particularly 
pool- is the cheek for propeller 6131, for which there is 
a consistent difference of 15 to 20 percent. 'This lack 
of agreement is not particularly disturbing because 
there are several important differences in the method 
of testing. The whir] rig at Wright Field is in the open 
air and represents the same conditions ns encountered 
with a stationary airplane on the ground. The for- 
ward speed is zero and the V/nD is consequently 
assumed to be zero; whereas, the slipstream of the pro- 
peller in a wind tunnel creates a circulation of air 
through the tunnel and the V/nD is computed from 



the measured velocity. The wind-tunnel results are 
extrapolated to zero V/nD. There is some question 
as to whether the assumed velocities are entirely com- 
parable for the two conditions. Furthermore, the body 
conditions were different for the two tests. It is well 
know n that Large bodies slow up the air passing through 
the propeller disk, thus causing the propeller sections 
to operate at higher angles of attack. This effect is 
brought out clearly in the present report. Also, it is 
possible that the blade-angle setting for propeller 613J 
was different for the two tests since the differences 
noted are consistent . 

SPINNER RESULTS AND VARIOUS OTHER COMPARISONS 

The material for this report was selected with the 
view of presenting information regarding the effect of 
current body styles on propeller characteristics as well 
as of presenting the actual propeller data. An im- 
portant modification of the liquid-cooled engine nacelle 
is that ol the spinner. Spinners were not tested on the 
radial engine nacelle because previous tests indicated 
no aerodynamic advantage. As the shape of the pro- 
peller-blade shank is closely allied to the subject of 
spinners, data for two shank shapes are included. An 
incidental comparison of blade-thickness effects is made 
because the results are of interest. A comparison is 
also made of three blade sections; this material is of 
an incidental nature because n separate report covers 
this subject (reference 4). The propellers for the two 
reports, however, are different. 

Spinners. The aerodynamic purpose of a spinner is 
to reduce the body drag, to reduce the drag of the hub 
and of the shank portions of the blades, and to reduce 
the engine torque required. In order to fulfill this pur- 
pose, the spinner should fair smoothly into the outlines 

of the body and yet enclose the hub and the round por- 
tions of the blade shanks. Two sizes of spinners were 
tested, both fairly large, as may be noted from figure L. 
The results of the tests, given in curve form in figure 42, 
were computed on two bases: on one basis, the reduc- 
tion in body drag due to the spinner is credited to the 
body and consequently does not show up in the propul- 
sive efficiency; and, on the other basis, the reduction in 

body drag is credited to the propeller and shows up as 

n gain in propulsive efficiency. In the first case, the 

spinner is assumed to be a part of the body, the results 
being shown as solid lines; and, in the second, to be a 
part of the propeller, the results being shown as broken 

lines. Both methods, of course, show any gains in pro- 
pulsive efficiency resulting from covering up the hub 
and shank portions of the blades. 

An analytical summary of the results is given in the 
follow ing table. Of interest is the fact that the smaller 
(spinner l) of the two spinners is superior. Also, the 
advantage of spinner l increases with blade-angle set- 
ting, the gain in efficiency being only L.5 percent for L5° 

and 6.0 percent for 35°. Of this 6.0 percent maximum 
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gain, 4 percent is due to covering up the hub and the 
shank portions of the blades and only 2 percent is due 
to reduced body drag. 

The addition of streamline fairings over the shank 
portions of the blades, extending ou1 from spinner 1 
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(l)) Comparative performance computed for high-speed and take-off conditions for 
controllable operation. 

Figure 44.— Comparison of two propellers differing essentially in thickness. 
Liquid-cooled engine nacelle. 

n distance of about 4 inches (see fig. 5), increased the 
elliciency an additional 1 percent for the one blade- 
angle setting investigated, 25°. The value of 1 percent, 



however, is within the experimental error for this par. 
ticular lest. 

STMMAPvV OF RESULTS WITH SPINNERS 
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Body drag includes support drag. 

77a is the efficiency computed using drag of body with spinner in place, spinner 
assumed to be a part of the body. 

lb is the efficiency computed using drag of body with no spinner (SO lb.), spinner 
assumed to be a part of tho propeller. 

Blade-shank shape —Propeller 6101 lias round shanks 
extending from the controllable huh for 6 <>i* 8 inched 
before the transition from round to airfoil shape is well 
under way. Propeller KT 0 is of the same design, ex- 
cept thai the airfoil shape is carried to within an inch 
Or so of t he adjustable hub. 

The results of tests of these two propellers mounted 
on the radial engine nacelle (fig. 43 (a)) indicate an 

advantage in favor of propeller LCl 0, particularly for 

the highest blade angles. A small difference in V/nD 
for zero thrust indicates that the airfoil shanks contrib- 
ute to the thrust. The advantage of propeller lCl 0 is 
greater for the liquid-cooled engine nacelle. (See figi 
43 (b).) 

Blade thickness— Propeller 5868-9 is about 29 per- 
cent thicker at the 0.75R station than propeller 6101. 
(This greater thickness means that the camber also is 
29 percent higher for propeller 5868-9 than for propeller 
6101.) The difference in width is unimportant since 
the magnitude is only about 3 percent. A comparison 
of these propellers tested in front of the liquid-cooled 
engine nacelle (fig. 44 (a)) reveals three interesting 
results: first, there is little or no difference in maximum 
efficiency; second, the thick propeller (5868-9) has an 
appreciably higher efficiency in the take-off and climbf 
Lng range; and, third, there is a small difference in 
V/nD for zero thrust. The third point merely indicate- 
that the thick propeller has the higher aerodynamic 
pitch, as would be expected. 

A comparison of the propellers for the high-speed and 
the take-off conditions for controllable operation is give© 
in figure 44 (b). This plot brings out the advantage of 
the thick propeller for take-off but there is an indication 
that some sacrifice, however small, is made at highspeed!. 
The apparent reason for the advantage of the thick pro- 
peller at low V/nD operation is the delayed stall of the 
sections resulting in a higher lift or thrust coefficient. 
(See fig. 44 (a).) This effect of thickness (or camber) 
is substantiated by more general tests reported in 
reference 7. 
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It may be well to point out here that thick propellers 
lose more in take-oil' efficiency owing to compressi- 
bility at high tip speeds than do thin ones. (See refer- 
ence 1.) Compressibility effects will equalize the take- 
off efficiencies of propellers of different thickness when 
I he tip speed is sufficiently high. 

Blade section. — The relative merit of the different 
blade sections investigated is shown by figure 45. In 
figure 45 (a) a comparison is made for the cruising and 
(he take-off conditions using the data for the radial 
engine nacelle. The order of decreasing merit of the 
sections for cruising is (lark Y, N. A. C. A. 2400-34, 
and R. A. F. 6. The difference between the first two 
sections is only about 1 percent, well within the experi- 
mental error, while (he difference between the Clark Y 
and the R. A. F. 6 is between 2 and 4 percent. The 
efficiency of the R. A. F. 6 propeller is several percent 
higher than the (Mark Y for the take-off condition 
and the (lark Y is likewise more efficient than the 
N. A. C. A. 2400-34. It may be seen, by reference 
to the basic data, thai superior take-oil" characteristics 
are a result of a delayed stall and higher thrust coeffi- 
cients. 

It should be pointed out, also, that the K. A. F. (> 
section is more sensitive bo compressibility than the 
other two sections for the take-off condition; therefore 
the efficiencies tend to equalize as the tip speed is 
increased. (See reference 1 .) 

The relatively poor take-off characteristics of the 
propeller of N. A. C. A. 2400 34 section were expected 
for these low tip speeds because of the low maximum 
lift coefficient of the section. This section was devel- 
oped for high tip speeds and should properly be used 
only for the tip sections, inasmuch as its principal 
merit is the later compressibility stall. 

Figure 45 (b) shows the same comparisons and the 
same order of merit for the liquid-cooled engine nacelle 
as were shown for the radial engine nacelle, The 
cruising efficiency of propeller 6131 (N. A. C. A. 2400-34 
section) seems low in comparison with propeller 6101 
(Clark Y section), w hich suggests an error of 1 or 2 
percent. The take-off efficiency of all three propellers 
tested with the liquid-cooled engine nacelle is con- 
sistently several percent higher than with the radial 
engine micelle. This result is probably due to the 
influence of the body on the stalling of the blades. 
The radial engine body, being larger, slows the air and 
causes an earlier stall than the liquid-cooled engine 
body. 

It should be pointed out that the foregoing compari- 
sons were based on propellers of the same diameter 
for the same design condition. This basis was deemed 
better than any other since the take-oil' efficiency is 
very sensitive to changes in diameter whereas the design 
efficiency (high speed or cruising) is only slightly sensi- 
tive. Had the diameter been allowed to vary, depend- 
ing upon the V/nD chosen for maximum efficiency, there 



would have been large differences in take-off efficiency 
due entirely to the differences in the diameters. 

Body. — The relative effect of the two bodies on the 
characteristics of the five propellers tested is given by 
figure 40. The maximum efficiencies of each propeller 
appea r to agree fairly closely for the two body conditions, 
with the exception of that for propeller 6131, which was 
previously mentioned as probably being slightly in 
error. There are two opposing factors that tend to 
keep the maximum efficiencies the same for the two 
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FIGURE 45— Comparison of three controllable propellers having dilTerent airfoil 
sections. All arc the same diameter for the same C$. 

bodies. The slipstream drag, which reduces the 
efficiency, is greater For the radial engine nacelle than 
for the smaller liquid-cooled engine nacelle. On the 
other hand, the hub and blade shanks have less drag 
when they are located in front of the blunt nose of the 
radial engine nacelle than when they are located m 
limit of the liquid-cooled engine nacelle. If a spinner 
had been used for all the tests of the liquid-cooled 
engine nacelle, it is clear that the peak efficiencies 
would have been higher than those for the radial engine 
nacelle. (See spinner results.) 
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(c) Propeller 6101. (d) Propeller 6129. 

Figuue 46.— Comparison of propeller characteristics for two body conditions. 
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The take-off efficiencies are consistently higher for 
the liquid-cooled engine nacelle than for the other 
nacelle. It may be noted in every comparison (fig\ 4(>) 
thai the thrust curves For the liquid-cooled engine 

nacelle reach higher values of C T the take-off con- 
dition than for the radial engine nacelle. 'Plus effect 
r(^su!ts from a difference in air speed over (he two bodies. 
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(c) Propeller 6131. 

Figure 4fl. Continued. Comparison <>r propeller characteristics for two body 
condil ions. 

The liquid-cooled engine nacelle slows down the air 
to a lesser extent than the larger radial engine nacelle 
and the blades do not stall so quickly at the low V nD 
values. A rough estimate of the differences in mean ah 

speed through the propeller disk for the two bodies can 

he made by computing the relative velocities for zero 
thrust. The greatest difference in velocity noted is for 
propeller LC] 0 and amounts to about 7 percent. 

CONCLUSIONS 

The results of the tests made at moderately low tip 
speeds of five propellers indicated the following con- 
clusions: 

1. Propellers operated in front of the liquid-cooled 
engine nacelle had higher take-off propulsive efficiencies 



(ban when operated in front of the radial engine nacelle: 

they also had higher cruising efficiencies when provided 
wit h suitable spinners. 

2. Spinners mounted on the liquid-cooled engine 
nacelle not only reduced the drag of the body but 

reduced the drag of the 4 propeller hub and shanks as 
well. The propulsive efficiency was increased a maxi- 
mum of (j percent for one condition. 

3. A propeller with airfoil sections extending into the 
hub was more efficient than one having round blade 
shanks when tested in front of both the radial and the 
liquid-cooled engine nacelles. 

4. A thick propeller having a (lark V section was 
found to be more efficient than a thin one for the take- 
off condition, hut the maximum efficiency was possibly 
slightly less. 

:>. The order of decreasing efficiencies for the cruising 
condition for propeller-blade sections of 0.07 thickness 
ratios at 0.75JS was found to be: Clark Y, X. A. C. A. 
2400 34, and K. A. V. <i, but the order changed f<> 
K. A. V . 6, (lark V. and X. A. C. A. 2400 34 for the 
take-off condition for propellers of the same diameter. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 



Axis 


Force 
(parallel 
to axis) 
symbol 


Moment about axis 


Angle 


Velocities 


Designation 


Sym- 
bol 


Designation 


Sym- 
bol 


Positive 
direction 


Designa- 
tion 


Sym- 
bol 


Linear 
(compo- 
nent along 
axis) 


Angular 


Longitudinal 


X 
Y 
Z 


X 
Y 
Z 


Rolling 
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TV- 


Y >Z 

Z >X 

X >Y 


Roll 


e 
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ti 

V 

w 


V 

q 

r 


Lateral 


Pitching 

Yawing 


Pitch 

Yaw- 


Normal _ __ _ 









Absolute coefficients of moment 

Vm ~qcS 
(rolling) (pitching) 



C '~qbS 



(yawing) 



Angle of set of control surface (relative to neutral 
position), 5. (Indicate surface by proper subscript.) 



4. PROPELLER SYMBOLS 



D, 

P, 

P/D, 

V, 

V„ 

T, 
Q, 



Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient C T =- 



P> Power, absolute coefficient C P = 



-pri 2 D* 

Torque, absolute coefficient C Q = — ?™ 



v, 

n, 



2X1 
Pri 1 



Speed-power coefficient =-^/- 
Efficiency 

Revolutions per second, r.p.s. 
Effective helix angle = tan" l (^~f^ 



P n z D* 



5. NUMERICAL RELATIONS 



1 hp. =76.04 kg-m/s=550 ft-lb./sec. 

1 metric horsepower =1.0132 hp. 

1 m.p.h.=0.4470 m.p.s. 

1 m.p.s. = 2.2369 m.p.h. 



1 lb.=0.4536 kg. 

1 kg=2.2046 lb. 

1 mi. = 1,609.35 m= 5,280 ft. 

1 m=3.2808 ft. 



